Background: Several statistical models are built to associate climate sensitive variables such as
annual maximum temperature in Nepal increased by 0.06 0 C and average temperature rise is estimated at 0.5 0 C per decade (Ebi et al., 2007; Shrestha et al., 1999; UNEP, 2002) .
Precipitation is also becoming unpredictable and more erratic than ever with more droughts and shorter periods of heavy rainfall (Shrestha et al., 2000) . Several regions in the country are already vulnerable to unevenly distributed and erratic weather (Chaudhary & Aryal, 2009 showed mixed results in terms of occurrence of the number of incidences of malaria and diarrheal diseases with observed rainfall and temperature variability. The total numbers of incidences of malarial diseases in the country significantly declined during the study period. However, incidences of the disease have increased during the last 6-7 years of the study period, particularly in the Hills and Mountains of Nepal, indicating that malarial incidences are spreading to newer locations at higher altitudes of the country that traditionally were considered malaria-free. The study tried to relate between climate changes and occurrences of climate sensitive diseases without obtaining health coefficients (Badu, 2013 Many studies have been conducted in various parts of the world in order to establish linkages between climate sensitive variables with morbidities and mortalities and calculated health effect coefficients through statistical models (Hajat, Kovats, Atkinson, & Haines, 2002; Yao-Dong et al., 2013; Tong et al., 2014; Kovats, Campbell-Lendrum, & Matthies, 2006; Campbell-Lendrum & Woodruff, 2006; Veneckova & Bambrick, 2013; Bobb, Obermeyer, Wang, & Dominici, 2014; Checkley et al., 2000; Singh et al., 2001; Raju, Kiranmayi, & Rachel, 2014; Hansen et al., 2008; Giang, Dung, Giang, Vinh, & Rocklov, 2014; Tian, Qiu, Sun, & Lin, 2016; Gasperrini et al., 2015) .
In the paper, health effect coefficients which can be attributed to climate sensitive variables are estimated and assessed separately for WB diseases like enteric fever and diarrheal diseases and VB diseases like malaria, encephalitis and leishmanaisis through statistical modeling. www.tucds.edu.np 
MATERIALS AND METHODS

Study design and data
Ecological time series design was adopted for the study based upon daily data. Other hospitals which were much smaller in capacity in the selected districts were left out since it was not feasible to collect data from each and every hospitals and it is assumed that the effects of excluding these hospitals on estimates would be nominal and can be ignored.
Altogether 22 hospitals were referred from the selected districts which included 2 from Mountain, 13 from Hill and 7 from Terai. Inpatient data were collected for WB diseases (enteric fever, diarrheal diseases, etc.), VB diseases (malaria, dengue, encephalitis, leishmaniasis, etc.), heart diseases (ischemic heart disease, angina pectoris, cardiovascular arrest, cardiac failures, etc.), urinary system diseases (chronic kidney diseases, urinary tract infections, renal failure, etc), all cause mortality and disease specific mortality of the above specified diseases. Inpatient records showed around 50000 hospitalizations of the concerned diseases and around 10000 all cause deaths and 435 WB and VB disease deaths. Hospitalization records were examined along with addresses of inpatients and it was found that very small portions of the inpatients are actually from other districts and thus such cases were neglected. Moreover, in infectious diseases like WB and VB diseases and unlike non-communicable diseases patients are more likely to visit hospitals which are nearby because of their acute effects and they don't know exactly about their cause of infection. They may simple have fever or diarrhea, for example and will naturally visit nearby hospitals. In the present analysis WB diseases 
Confounding variables
The confounding variables included are seasonal effects, holiday effect and trend component. In the model, since the dependent variable is assumed to be distributed as negative binomial distribution (NBD) it is a mixture of Poisson and gamma distributions. It has log link function with additional multiplicative random effect parameter distributed as gamma distribution to address the unknown heterogeneity. The model is specified as follows. 
Statistical model
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Lag structure and lag length
Since climate sensitive WB and VB disease hospitalizations in a day could be affected by not only the meteorological and other conditions of the day but also could be due to the conditions of days or weeks before the hospitalization. It is therefore inevitable that lag effects are accounted in exposureresponse models. In this regard, several probable lag structures like moving average, geometrical decay and arithmetic decay along with different numbers of lag days (0-2 months) were explored and the one which turned out to be most suitable was finally selected for estimation of health effect coefficients (Shrestha, 2007; Shrestha, 2012) .
RESULTS
Six NB models are developed containing different combinations of explanatory variables for different response variables. The first model with enteric fever hospitalization as the response variable contained temperature (GEO 7), relative humidity (MA 15), trend, seasonality (autumn effect) and holiday effect as the explanatory variables. Similarly, the second model with diarrhea hospitalization as the response variable contained temperature (same day effect), relative humidity (same day effect), seasonality (summer, autumn) and holiday effect as the explanatory variables; the third model with dysentery hospitalization as the response variable contained temperature (GEO7), relative humidity Health effects of four meteorological variables namely temperature, rainfall, relative humidity and wind speed and other variables such as holiday, trend and seasonal effects on WB and VB disease hospitalizations are presented and discussed separately based upon estimates obtained from six fitted NB models, three for WB diseases (enteric fever, diarrhea and dysentery) and three for VB diseases (malaria, encephalitis and leishmaniasis).
Effect of temperature
Temperature is found to be statistically significant in affecting all the response variables of the six built models at 95% level of significance. Moreover, effects are found to be positive in all the models.
This implies that temperature is the major variable in affecting WB and VB diseases hospitalizations and tends to increase with increasing surface air temperature. The effect is found to be maximum for malaria hospitalization followed by enteric fever, encephalitis and other hospitalizations with the risk of 12.1% (95% CI: 9.2-15.1%), 8.9% (95% CI:7.7-10.1%), 8.1% (95% CI: 5.8-10.6%) and < 6% increase per 1 0 C increase in average temperature, respectively. The least effect was found for leishmaniasis which is 2.1% (95% CI: 0.3-3.9%). Lag effects is found to be relatively higher in case of VB diseases (15-45 days) compared to WB diseases (0-7 days) which is obvious since incubation periods in VB diseases are relatively much higher compared to WB diseases. Moreover, geometrical decay lags are found more statistically significant in WB diseases whereas moving average is found suitable in case of VB diseases (Table 1 & Fig. 1 ).
Effect of rainfall
Rainfall is found to be statistically significant only in the case of malaria hospitalization at 5% level (p=0.05) with 1.3% (95% CI: 0-2.7%) expected decrease in malaria hospitalization per 1 cm increase in rainfall (Table 1) which implies the risk of malaria hospitalization increases with decrease in rainfall. www.tucds.edu.np
Effect of relative humidity
Relative humidity is found to be statistically significant and affecting positively in enteric fever and encephalitis hospitalizations with the risk of 2.12% (95% CI: 1.3-2.8%) and 4.5% (95% CI: 2.0-6.9%) increase in the hospitalizations per 1% increase in relative humidity. In contrast, increase in relative humidity is found to be associated with decrease in diarrhea and dysentery hospitalizations by 1.7% (95% CI: 0.9-2.4%) and 1.3% (95% CI: 0.0-2.6%), respectively per 1% rise in relative humidity (Table 1 & Fig. 2) .
Effect of wind speed
The effect of wind is found to be statistically significant only in malaria and encephalitis hospitalizations with mixed effects. Increase in wind speed by 1 m/s is found to have expected decrease in malaria hospitalization by 18.4% (95% CI: 7.1-28.2%) and increase the risk of encephalitis hospitalization by 15.6% (95% CI: -0.8-34.7%) ( Table 1) .
Holiday effect
Except in the case of dysentery hospitalization, effect of a holiday (Saturday) is found to have association with all the other considered hospitalizations with decrease in hospitalizations in holidays compared to working days with 13.3% (diarrhea) to 83.5% (leishmaniasis) expected decrease in hospitalizations in holidays ( Table 2 ). The results imply that generally working days are more risky than holidays regarding the considered WB and VB disease hospitalizations except in dysentery hospitalization.
Trend effect
Statistical modeling showed that WB disease hospitalization namely enteric fever and dysentery exhibited an expected increasing trend regarding annual hospitalizations with 6.7% (95% CI: 3.1-10.6%) and 6.3% (95% CI: 0.9-11.9%) increase in risk of hospitalizations, respectively whereas VB hospitalizing exhibited a declining trend effect with 21.9% (95% CI: 15.3-28.0%), 12.5% (95% CI:
5.3-19.3%) and 16.9% (95% CI: 11.9-21.7%) annual estimated decline in malaria, encephalitis and leishmaniasis hospitalizations, respectively (Table 2) .
Seasonal effect
Varying seasonal effects are detected in different hospitalizations as estimated through different statistical models. According to estimates, seasonal effect due to autumn had a higher effect in enteric fever hospitalization with 30.3% (95% CI: 14.2-48.7%) higher risk of hospitalizations compared to other seasons. Similarly, the seasonal effect of summer showed higher effect with 17.1% (95% CI: -11.8-55.4%) higher risk of malaria hospitalizations; 22.5% (95% CI: -7.6-62.6%) higher risk of encephalitis hospitalizations due to seasonal effect of spring; and 22.9% (95% CI: 5.8-37.0%) lower risk of leishmaniasis hospitalizations due to seasonal effect of autumn, and so on for remaining hospitalizations (Table 2) . 
DISCUSSION
Varying effects of climate sensitive variables and other variables including trend, seasonal and holiday effects are detected in explaining WB and VB diseases hospitalizations in Nepal. Among the meteorological variables, temperature seemed to be the most prominent predictor and showed consistent effects on the disease hospitalizations with all positive effects detected. Studies in other parts of the world also has found positive association of diarrheal hospitalization with ambient temperature such as in case of a study on Peruvian children conducted between 1993 to 1998 which found that 1 0 C increase in average ambient temperature is associated with 8% rise in diarrheal diseases hospitalization (Checkley et al., 2000) . Similarly, a study conducted in Pacific Islands found that 1 0 C increase in average ambient temperature is associated with approximately 3% rise in reported diarrheal cases in which temperature was lagged by 1 month.
In the present analysis the effect size is found to be highest in case of malaria hospitalizations and lowest in leishmaniasis hospitalization. The remaining climate sensitive variables like rainfall, relative humidity and wind speed did not exhibit consistent effects in WB and VB disease hospitalizations and therefore warrants further studies/researches in this respect. However, moving average lag effects are found more suitable compared to other types of lag effects like geometrical or arithmetic decay lag effects when effects of other meteorological variables are estimated.
Examination of public holidays assessed by Saturdays is found to have significant effects on lowering the accounted hospitalizations compared to working days. This can be due to lowered risk of infection because of reduced exposures and staying in relatively safer environment. Considering annual trend effects on the hospitalizations whose causes are still unknown or unaccounted in the built models, Percent change in hospital admissions per day per 1 0 C increase in temperature www.tucds.edu.np it is found that the annual trend is on the rise in case of WB diseases whereas decreasing in case of VB diseases. Seasonality is regarded as one of the most influencing factor in weather/climate and environmental health studies. Examination of this in the present analysis showed varied effects of different seasons on the accounted hospitalizations with summer, spring and autumn showing relatively higher malaria, encephalitis (and dysentery), and enteric fever hospitalizations, respectively. On the contrary, lowered hospitalizations of diarrhea, dysentery and leishmaniasis are detected due to seasonal effect of autumn.
CONCLUSION
Increase in average surface air temperature and consequently global warming is known to be the most significant characterization of climate change in the world over. In the context of gradual increase in average temperature of Nepal in the past decades, the findings indicate that public health burden related to WB and VB diseases that can be attributed to rise in temperature or global warming is likely to increase in the coming years. In order to counter the hazards of climate change in a broader perspective, Nepal needs to improve significantly on health facilities, cleanliness, poverty, widespread use of eco-friendly energy and technology as well as other factors that influence public health concerns in years to come through effective implementations of plans and policies particularly related to adaptation and vulnerability concerns. Specifically, some important steps are to minimize water logging to reduce mosquito breeding, widespread supply of safe drinking water to help restricting WB diseases, health education about the prevention of WB and VB diseases, etc.
